Introduction
Parizek (1957) reported that cadmium salts have damaging effects on mammalian testes. The early injurious effects of this metal on the male gonad are on the vascular system (Meek, 1959; Kar & Das, 1960; Mason, Brown, Young & Nesbit, 1964;  Chiquoine, 1964; Gunn & Gould, 1975; Aoki & Hoffer, 1978) and further cadmium-induced changes may be secondary to ischaemia (Aoki & Hoffer, 1978) . Saksena & Lau (1979) demonstrated that testes from rats treated subcutaneously with 5 mg cadmium chloride (CdCl2) regained steroidogenic capacity but the animals remained sterile for 120 days after treatment. Such information indicates that cadmium causes permanent damage of the germinal components of the testes.
Germ cells are closely associated with Sertoli cells (Fawcett, 1975) . Since no information exists on the effects of cadmium on isolated Sertoli cells, we tested the survival of cadmium-exposed Sertoli cells and used freeze-etch electron microscopy to investigate how cadmium alters the morphology of isolated Sertoli cells grown in culture.
It has been demonstrated that agents like selenium can protect the vascular endothelium of the rat testis against cadmium damage (Niewenhuis & Fende, 1978) . Protection against testicular damage due to cadmium appears to be mediated by metallothionein in mice (Nordberg, 1971 (Dorrington, Roller & Fritz, 1975; Fritz, Rommerts, Louis & Dorrington, 1976; (Nordberg, 1971) Espevik & Elgsaeter (1981) . The frozen specimens were fractured, etched for 1 min at -100°C, and replicated using a freeze-etch unit described by Elgsaeter (1978 fig. 2a ).
Preincubation with 2-2 µ -CdC^significantly protected the Sertoli cells over the whole 72 h period but had maximum effect after 24 h (Text-fig. 2b ). Fig. 1 ). These circular areas had a uniform size, about 500 nm. Such features in the nuclear membrane were not observed in control Sertoli cells or in cells exposed to 17-8 or 8-9 µ -012. Sertoli cells subjected to CdCl2 exhibited various degrees of intramembrane particle aggregation in the plasma membrane (PI. 1, Fig. 2) although the pattern was different from that in the nuclear membrane. Vesiculation of the plasma membrane was a frequent occurrence and many vesicles were observed in the surrounding growth medium (PL 1, Fig. 2 ). In spite of these apparent signs of degeneration junctional complexes (mainly tight junctions) were still prominent between the Sertoli cells (PI. 1, Fig. 2) .
Discussion
It is difficult to study the specific effects of cadmium on testes in vivo because such studies involve problems of distinguishing between cadmium-induced injury and injury secondary to ischaemia (Aoki & Hoffer, 1978) . Sertoli cells cultured under certain conditions maintain many of their PLATE 1 Fig. 1 . Freeze-etch electron micrograph of a nuclear membrane from a propane jet-frozen Sertoli cell exposed to 8-9 pM-CdCl2 for 24 h, showing a circular area in the nuclear membrane devoid of intramembrane particles. Nuclear pores in the membrane are visible. Fig. 2 . Freeze-etch electron micrograph of plasma membranes from propane jet-frozen Sertoli cells exposed to 8-9 pM-CdCl2 for 24 h. Junctional complexes, mainly tight junctions (arrows) are still intact. Notice vesiculation of the plasma membrane (arrow heads) and aggregation of intramembrane particles on the protoplasmic fracture face (PF). EF, extracellular fracture face. physiological properties (Dorrington et al, 1975; Fritz et al, 1976;  Gore-Langton, McKeracher & Dorrington, 1980; Elkington & Fritz, 1980; Kiergzenbaum et al, 1980) . In the present study we have cultured Sertoli cells under these conditions to examine the toxicity of metals on the cells. Only CH3HgCl and HgCl2 were more toxic for the Sertoli cells than CdCl2.
The LDJ0 for CdCl2-exposed rabbit alveolar macrophages in vitro is about 100 µ (Waters, Gardner, Aranyi & Coffin, 1975) (Rudd & Herschman, 1979) , human fibroblasts (Lucis, Shaikh & Embil, 1970) and epithelial cells (Rugstad & Nordseth, 1975) (Dorrington et al, 1975; Fritz et al, 1976; Rommerts et al, 1978 ).
In conclusion, isolated Sertoli cells can be protected against cadmium toxicity by exogenous substances, and our results suggest that they also have the ability to produce endogenous protective substances but in the absence of such substances they are very sensitive to the effects of cadmium, undergoing extensive alterations during the source of exposure.
